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Kttfi'< A* u - if-ft £ £t>f ©*t&T-fc 5 it flft 
-< *>-<b Lfc«j*7c*Sr»«fi"S t ©T*) 5 l^-if-T 
v£E^fciS#^©M*mK:*i^T, 

^©SfgSrffiT £ i: lc i 9 BfS{b-f5il 

[if** 5] »*qiitjatt(ou— if-r^i'— >a 
5U _^_ T ^ U _. >3 ^£ffl^fciii#T-©##f;£&, 

[if*9 7} §f*g5lcfE«©u— 5-'-7yu-> 3 

llf*S9] M*fl5l:Bto>- f-7yu-> 3 
[lf*9io] »*3j5«caE«ou— if-ryv— > 
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l ->3 ^*fflVtfcft£?-0#«HF£. 

v-3 V^fflVNfcffi^©^W*&IC 

10 i/-f -77'i'-y'3 v5:ffl^fca5)f©M 

[»**12] UClE*©V— f-7/V- 

17xA h*MJL± 1 tr=jS>»TT?*> 9 . $SMItB;M* 1 
¥*!7y h£l±l O^cMUy bUTThZi'—r-T? 

1 3 ] §f*Jl 1 ~ 1 2 ©vvf ft** 1 9lCfS« 
20 ©i/-- f-rr/u-v-s >^fflV^7c^T-©5>W*fel- 

-f-77'l/-y 3 yJl^fc^»^©M*S. 

1 4 ] 1 3 KIEigc© V— is- 

•>3 v£J8WcS;#^©M*-&(.i;fc^T, 
[»*515] 4©vvf*ia»l*fcEit 

30 tJI/^T. 

[»#s i 6 1 i~i5 ©v^r i m^mm 

©u-f-7/v-y3 >«rfflv>fcS5^^-©^*r*jfefc 
^©^tfibSI^Il, DNA?-<!?n71/-fl;^ 

[9*S17] »#Sl 6(CIE*©U— ?-T?U- 
40 v-3 ^£;B^7cii5#^©##*&l-:ioi^-C, 

iifEDNA-^-f y- nTWf4, >*/Wb Lit D N 

Av-f ^ d7 W t'feS '/-f-77'l'-y s y^ffl^ 
7ca5>^-©^*f?7feo 

m*« i 8 ] is** i~i7 o^-f*i.*» i mzum 

0) U- -f-T 7 V- is 3 yZR^tcMm-VfttirXmiZ 
50 '<jV* U— iJ-'-ftK 4 9 g#flf ©^"CfoS it 
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S«4<7^U-: /ayLtM^ff^- if-T 
[§f*9l9] ##r©*f*T-fe5iitfHHCl — 

y V— -> 3 >£ffl</>fciS#^©##r>;*.y' AT*fooT, 

fflfi^A-;* u— "f-jtSrtHW L-CIMEKffiWrtfcESS 10 

[§•#* 2 0 ] tt*g 1 9 lcfB«J©i§#^©##r>;* 
-r AMjot^T, $ iblC, 

«r*P*- 5 i£:JH L ©#t»r.v'*f 1 

[»** 2 1 ] fS!*^ 2 0 KlE*©il5$M 6 -©$MJr5'* 

m-tz>\B\m^&x-h?>m#*<oftVri/xy L 2>. 0 20 

[ftjftJl 2 2 ] M&4 1 9 (c!Eigt©i»#^©##r 
gS^/V* U— !f-#©*— TV h~-©$?tt&e£#» 

■tZteWi^m t &#*©#«->* x a c 

[fS#9 2 3 ] «*a 19-22 WTtlfr 1 9fcfE 
A 0 

[»*^ 2 4 ] Mf*« 2 3 lCfE«©S#^©£*fr 
^AlC^T, 30 

[§t*ii 2 5 ] m am 2 3 i-iEgc©iii#^©##r 

^AtCfc^T, 
xAtC&l^T, 

m&m2 7] 9-2 6©v>-rn.^i^icfB 

iaiESM^/V'^ v— If— fit, ofa^ 

[IS*«2 8] i##92 7(CfSi|£©iii#^©#^->* 
xAICiol^T, 

HufESM^/i-* v — if— ft, 17iA|- 
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[«91©!¥*III*1MU 
[00 0 1] 

> 3 > *m t^fcas^-T- ©^«r*ft*i i V* © -> * r AM 
ML, £P>Kfi&»HCI4» &*<tifci&ir-5£##r©$i*£ 
* L < (6)±-r -5 £ £ £ ^Jfgic Lfc l — 1f-T ^ u- > s 
v i^fc © ^fefc «fc V-t © -> * x A lc H 
L, #J;tfif, DNA, RNA> PNA, flgSC, 

->^.7 l A(cM1-2, <> 
[0 0 0 2] 

fit. iSrJiastO^fcS. 
[0003] c 5 tfcKl:^*ffe©matt, ffc&^i*-* 

[0 0 0 4] tl5"C, ft*©iS#^©«*##rfii. S! 
^*©4>©lc«^-Srf*jPLTW*yfl;U. -?:©Ka5r 

t>©T*&ofc„ 

[0005] :ct-, tt*©K^©M^*^*5rts 

»«f (s IMS) fe^>. lffSl:±otlS^i©^ 
f^tvt»M:LTlll»*f*ff5tf'f*vft (E 

D) ft. ^hDy^^Su-tW^yft (MALD 
I) ffi*t*^*aP>tbT^5c 

[0 0 0 6] L*»L*#6, ±IELfc^-f^©*felc*3 
[0 0 0 7] Sf^J: 9 . {t^mm LXmiKTt 

fit. Ts&\'-y-\z£<!)m : f-ik%i£xf<{*>ik&?To 

\"-*f-U£*fc&t$M ( L A R IMP) m&tob 

[0 0 0 8] Li»U*iS^, C©L AR I MPfelCiix 
fif, i/-f-iLT. ^TC^Sr^^k-f-Sfc©©]!^ 
<b u— if- 1 w^Hk * irfcti^7E*©^^-f ^-Wb-T 
5 ft ©*Rl-< * >it u— !f- i: © 2 &© u— if- &>& 



[0 0 0 9] LAR I MP&ICia^TIi, Jiffi 

©fc#, £&&lS^KMLT@W©i£g©v— -iF-ft £ 

[0 0 10] 

mmwfcLx? t-tzwim\ ±.uLtcx 

K*a*f*ff5 h/KO#eri5 
B»£*58it«r«Bfc-|-3J:i:t>»c. K*#*ri£Bfc* 

Lot 5 £-t"3 *>©-?*>£. 

[0011] *5l^©gfl<jt-r5i:C5«. iS^ 

[0 0 12] ££>lc, *^<OBfttf6tC6ll #- 
[0 0 13] 

lc. **WfcJ:5V'— !f-ryu->3 v£rffli^fciS# 
^•©^^ifefcitf^Wv'^xAii, #Rff, D N A, 

B&«, RNA, PNA> laf, «ffc 

U 4ritUfcW^-'f*v«:»*ri-5J:5J-Lfct©-e*) 40 

T-£S<b©-C£>-5„ 
[0 0 14] IP*), &&ffl(DU— ir— T?U— > 3 >-£ 
itM:© v'* Ale «t tudi. 
&ft^-&mm;<^x u— ■f-ftX'Tzfi'—. S3 is-fZZ 

{t\C£ *) $ hfcg^ * V3r##fi- 5 r t IC J; 0 . 
£*#tfr#^fgt&.5t>©T-£>5. 50 
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[001 5] ftoT, #3i§9]©t- — f-T^U- v-s V 
KBSHfSrfT 5 {SKBOfflFF-f ^SrM^ 

»ftai*<*S©**ib-f. Sffi:»#n£B#ii5#«f££ 

[0 0 16] iffiLfci^lc, «WOV-f- 

#tfr ICS U-C#«SO«BUc**ra«Fl-ttffl+ 5 - 
[0017] ol^ *»V-f-7^l'-i/3y 

u-v-x-namcft ozt sfc* < i/^fAt^ 

[0 0 18] $f>(C, ilEL-TC'f^-y-fktt, 

[0 0 19] Z<Dtctb. *$m<r>\s— f— Tzf\y— ->a 

[0020] en*?> *^pj© 5 *jf«*9 1 tci2«©^^ 

if-*(±SM^</w^ I — -r-TtT'fc >3 , u 

[0 0 2 1] ICf, ilE^fftLTIi, WAtf. Wfi 

Sfc###f) (**«fe44:*) i^lf^ix 

S= 

[0022] ^fc. hm#m2\z.tm<o&w 
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Lfc"b©T-*>£ 0 

[0 0 2 3] £fc, *^©5*>»#S3fciE*©369i 

■&tf*&-e$>5 4 5 »c Lfc >b©T-;fc3„ 
[00 2 4] $fc, *»M©5*>»*«4JCE*©»W 

£«»4@ft-Cfc "3 . te@f*:©fie**14 0 . 1 W ■ m 

" ■ k 1 £*±T*$>5 4 9icLfct>©-efe5,, 
[0 0 2 5] **M©5*>l»**5lc:iE*©l8W 
(4, *i^©HB*f 1 iCfe^OfgfJtcjo^T, 
©SfrtS-efcaft^tt, 7L*«ig£ttttfc<b©i Lfct 

[00 2 6] *fc. #3PJ© 5 *>» *96 ICfEft©*§f] 

5c$a(Ktt. H»#*tj3V^T lfliTESfc Lfc*>©T'ifc 

[0 0 2 7] £fc, 3MBn0 7t>HMt47{Z|BttO|8R 
(4, *»M©5 , fc»*fll5lcgB*©IBWIwi3V>T, ±E 
TcXStttt. Hffl#*Kd3^T 1 6flUc*£ Lfc1)©T- 

[002 8] #31^© 0 8 

14, *5IK©5*>§f*«5lwfEIS©|gWJC*SV>T, _h!E 

hh„ 

[0 0 2 9] **9l©5^fll*S9l::E*ro«W 
(4, *3BW©5*>a»**5Kffi*0«flK*Jt"-C, -hE 
5£«a«fi, fl»#*fc:*SVvC*£fc*3G*£ Lfct© 

[0030] £ fc, #189!© o *>m*M i o watt©* 

E7ci!f&SBf4. ££^&^§g«5refo-5J: ?lcLfci>© 

[00 3 1] *fc s #3g93© 9 1 ll£E*©» 

9if4. OO^-fftanJSKE 

0^^!7^ H^±T'fo5 4 9icLfc<b©-e#>5<, 

[0032] s tc. jmbbh© o i 2 icE*©ig 

91»4. #f§9!©3*>§it*«l lKEttOfcWlCJSHT. 
— > 3 ^-thf&M^^^- \s— if— 5tf4, 'OPJiBSffittdi 
h£U:l 0*tf9y hUTThZ 4 9 Lfct> 

©T-$>5 0 

[0 0 3 3] £fc, *3Sf?©?*,flt*igl 3(CE«©3g 
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9314, #38§ll©5^i»*«l~l 2©^1=;ft,;&>lStc:E 

14. K»»Wcas>5J:5Ktfc1>OTa!>5. 
[00 34] £ fc. #3§91© 5 t>it*3S 1 4 |cEic©fi 
9Jf4. **ffl©5*>»#*l 3KE«E©*9HC*i^-C. 
If ft##rf4. j|Mf«FW«feK i 5 K»^W-C*>6 4 5 IC U 
fct>©T*£>5 0 

[00 3 5] ifc, #3§9I© 5 *>f»*Jf 1 5 icEtt©f§ 

l-^W1-54 9lcLfc>b©T*&5„ 
[0 0 36] #§§9?© 5 *>lt*5 1 6 ICIE^©^ 

9m, *^w© 5 i~i5 ©i^-ma* 1 qrjciE 

S©3893K*JV^-C\ ^*f©*r*t?feS^^-l4. DNA 
^^7W ICS* $ ilfc«»4 fcl*Ki£©§iffilftT- 
fc64 5 tcLfct>©-Cfo5„ 

[0037] ftfc. mmnittmm<om®.& t lt», 

AftftKtt, 0Kxtf, DNA, RNA, P N A a** »f P> 

20 [0 0 3 8] Sfc. #3S9i© 5 1 7 KE*©35 

93(4, 6lcE«©f89!t;:iS^T, 

[00 3 9] *^«© 5 1 8 (C|E*©^ 

B^f4, *^^©5*>fS*^l~l 7©V^-f^ i 131lClE 

tf-3fei:^©»*T**)5S5^t»4, t 

■7U-iS3ls-rZ>ms<A,7.U-1r-%\ZX*)&fttft<nlti 
30 *-Cfc5»^*3tai, M4<7yu-y 3 yLt» 
*f Srff 5 4 5 IC Lfct,©-e$>?> 0 

[0040] * fc. *^p^© 5 1>«*5 1 9 icw.rn.vm 

ma, 5>*f©3**Tfe5S6^{cu— r-JfeSr^WLT 
tti«^i L ^T^^->'3>-i-5ri:lc4 9. JS^*# 
*7c* W^Hk L, a^Hb L fc «^t5* -f * Wb L . 
* Wfc Lfc*/«7c*«r»*fi- S U- if-T -f U- -> 3 

-T- 1 Sr Wf 5 4 •? (C L t> © ffc 5„ 
[0 0 4 1] 47c. *flC7*.B*92 0^|S«©^ 
ffl»4, *M«niS*9l 9K:fei&©3g§fjK:}oV^, 

[0 04 2] i fc. *^g^© 9 2 1 l-!5^©^ 

Sf4, *^^©9*>«*^2 0{CiS«©^^|ci3^T, 

lsT5(Hjfe^T'$>5 4 Lfc^j©T-fo-5o 
50 [ 0 0 4 3 ] 4 fc. #319}© 5 *>IS*5 2 2 ICf5®©#§ 
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[0 0 4 4] **gj©5*>ai*J»2 3ICK«©« 

WHt. *1^0HfS*9l 9~2 2 ©1^-f ixd* 1 

[0 0 4 5] *fc, #fgW©5^fS*Jl2 4lclE«©3il 
W»±, #«§H© 7 2 3fcfB*©«9!fc*S^-C\ 

<b©-Cfc5„ 

[0 0 4 6] 4fc s #369!©? *)«*92 5ICfE«c©f§ 

^tt. *3Pj©?*>!t*jf 2 3izmft(o&mzj3\,^x> 

[0 0 4 7] ifc, **ffl0 5*)»*52 6CEtO* 

[0 04 8] #368!©5*>»*92 7fcE*©« 

Wtt. *WR<0 7 *>Ht*5 1 9 ~ 2 6 O^-ffcfr 1 91- 

*«*W*ai 1 0 fc-=>#ElTT*;fc 9 . SfegfcHJ/jas 1 0 y 

(CLfct.©T-fe-5„ 

[0 04 9] #3gl^©5*>lf*92 8ICiE«©3g 

isBHS^/i^ w— if-'— li, ^</vj%^BQ4e^ s l7iAh 
Will 0*?tf9y h«T-C*>5ffi^/W^W- if-**JB 

[0 0 5 0] ;CT*, *«ffl(C*il^Ti@^/W^l — If 
tfiS'^i'* U— if-3fc£ 1 ->3 y h (1 MM 

< , »^ : ¥-^©fia«i-5fifi^</i'^ U— if — 3t©-> a y 

[0 0 5 1 ] £fc, fflffi^A'^W— if— tf±, /</U*B^ 

7 h#£Lh 1 t"=e>WT©a#li7^A hf^V — if 
if-Srfflv^S©^S^-efe5. *©£ 
sUtttSJTJi: LTHu 1 Q*%Vy h£l±a 5 8F4 L< . # 
1 y hai 1 0 ¥#7 •> t-EJlT^Sfs LV\ 

[00 5 2] C©ffiH6t±K*:tv^£iffi^ ^vas^/sS 

[0 0 5 3] 4*s, ft»i-5*M#fcJ:5*i»cJ:<x 
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UJ*j2=¥;tf!7y h©^tC(±, «»-Cft»4«S*S:#« 

[0 0 5 4] %1t. *%miC£ilti. KMkkfmtC.* 

*>'itZ®m&<ft : ?Zkff>TZZ7*M. h&l 1f- 

3fcfcif©fiJg/</w;* i — - if— *«\ ^«t5c#TSS6Lfc 

4«K5E*Srttffl-*-5^i:^Pllli:45. *©±, 
10 1f-JBIt©*»>iILl — h*SkHztfllf5ri:i5 

[0 0 5 5] *3gWT*fi, S^SrTT'u— ->3 

tt, '>*<fcfc^-f;M»— J: D. 
RK^T-ST^w- -> 3 u— if-3tlc«t 

*5VTtt, ix.fi, S^/v^u— if— 3fc©*5tfy 
20 j£v^8l»ci>fcoTM*$ttfc#S©^S: 

[0056] citt>©i*«i9»e»» «Wfar«* 

£*>©-?$> -5. 

[0057] -t lt, *%mv>m#W£&mwk ut 

(2 7 0SS) l=t>*-^i"C tAS-C-tS. fif* 
©««tfe-e*>5**ife (2-6SS) ^SScltltl^&Tn* 
(D101S) itfcRUT, fliSW{c««*^Ji^i-- 

[0 0 5 8] J: •? PifiUfi. DNA-^-f^DTL'-ril^ 

Tl 6K©$^{5t«:T-feS 32 S. 35 S*if. mm 
flr^Kfc^Tl 7^©g^fifrT*$>-5 35 C K 37 
C 1 Hffl#*(cj3V^T»^4*©S*BHSflc-C*> 

[0 0 5 9] y'a — 7"^DNA^^ 
^y h^t/^yU ^-<-1f-->3>$*fc©t % 
y</i^^L — f-t'77'L'— > 3 yL, 

50 /^7y^f- : ^3>bfcyn-yrt|C^S^T 
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100 6 0] S^DNA^^D7l/^5i 

[oo6i] ttc 9t&mmztix^z>ikft&mtet>-f 

^21 (Cy-3, Cy-5) 9 % «Lji^liiP 10 

[0 0 6 2] DNA^^dJK O&e^SI 

[0 0 6 3] L^L£#Jb, SU>!rC07L^T*7-</VLfc3 

WWIfl Ot*--* SrHsS-T S d £#T-£ 5 0 
[00 6 4] ^©iifc, MiaoT, #IS^S 

ffi* : 5 

(^Kffiffi^ : 0. 5-4GW 



m*)ML : 1 

[0 0 7 0] E9S41Jf fi##f3S 1 6 fi, IS/n/V 

[0071] ifc, ss^yv^u— o^e>tait$ 
[0072] si±.<ommz^x % ±ELfciMb»*f-> 

[0 0 7 3] S-T, LT* H2^*i-ft« 

O2ffi«coif>7 p /v (i^v^ywi joJ;tf*V7 p ^2) £ 

fflu^fco tit, ^<D2mmw^y/iozm^x?-7 

[0 0 7 4] BP*> % —52*% 2 cm«« 50 
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[0 0 6 5] ifc, *«Wl::«fc;h,tf, ««OT*«^»lttt 
[ 0 0 6 6 ] 

[0 0 6 7] BlKfi, *8Ml:J:5v-f-7^u- 

[0 0 6 8] COfi^tf^rAlOtt, 10" 8 ~ 
1 0 " 6 T o r r OlSS JC2« 12i, 

C<£>K£jf 1 2rtJCEa$tt/c^->y^ h 1 4 

y M 4 ^rlHltei-aiElS^A^T- I8t, fi^/v;* u 
-V-lt&mSiLXf-yy b 1 4^fl8*ti-5ie&'^ 
^v-f-2 0i, jBS^Vv^u-if— 2 0i»?>8B*t$ 

57^-^7vyX2 2 £:£*LTi»5o 
[0 0 6 9] CCT\ ffiS^;* U— 9*— 2 0i± x ^ 
Vt77>frwfHa!JM$li > KT^-f-J;? 

1 1 0 f s (7* A hg?) 
0-4 8 0// J (-^-Y^ c^a- /V) 
h) ) 

8 0 0 nm (^y y — h/V) 
kHz (^p^;V7) 

1 0 0 0EHte/fjre9 o»Bc©i/!l 3 vg;K£{pjfg-f 
7a> 1 Sfcttfy^ 2 <&SKtt % 0 <bi&^£ 

{tLfc>y ^>S«^r, 2 OScDtt^IcA 

ti. 3 o^~i^K»cSi-5 fl 
[0 0 7 5] ^co^-ftici: 9 s *tj— , i>o, mms</\sx 

is— if— 2 o^^mw$ttfcaje^^u-i?-3t^ i 

m 0 £U:<£>ffia£:3 9 ir^^/u 1 £ fcfx^>^ 2 
^Lfc^-y^ h 1 4Srf^SCi^T^5 0 
[0 0 7 6] CCT\ SK^WKHtiNlfr-Cfca^SHr 
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[0 0 7 7] ±&<D£o\ZLXtt&l,ti?-?y h 1 4 
T, KSftl 2rt©X$g^l 0" 6 Tor rBTt4 

[0 0 7 8} gg/N/v^ v— if- 2 oa>e>ffilt* 

ixfcfiS^^^i^— !f— 3t*s 7^-*^L^yx > 225: 10 
ffl^T?-y*y h 1 4±Mft*LT, h 1 4± 

t^JFM $ ft fc if y ^ 1 4 fc ttif V^/u 2 «r T :/ ^ - > 

[0 0 7 9] ftjb\ jgM^/w* v-if- 2 oa^fflUS 

grCfc 5 % ffl^ftt 53//J, 2 3 0^ J, 480/i JIC 

[0 0 8 0] ^LT. ElWt^l 6tCj:oT, 
fy Y 1 4^<OjgM^/v;*u— if— ;£<0{8l*lcJ:9 

[0 0 8 11 03(a) (b) (c) left, ±ELfc^ 

[0 0 8 2] Is—f—ftvmjjfr 53/iJ (@ 

3 (b) #B0 H2 30ii J m3 (a) #B§) tCfc 

[0 0 8 3] if^/M coffi^tt, 7^ 

^ h#^-if-^^©SS^v^u-if-tcJ:5ryu 30 

[0 0 8 4] rCT\ £t>lCfi'</V*U— if— ftOtftfc 

tz (03 (c) #U) o **5. 13 (c) Offl^lc^L 
THt, QS«ftt£ffi«l 6<Z>j££&B3 (a) fcfctf 
KB 3 (b) (Dmfe<DM&£*)i>-ffiTlfxmj£lstc a 
[0 0 8 5] iki^s Ma mm.'<fr* i — - *f— %<r> 

4 9 , gHS'^l';* if— 3t<D&}8 is 3 y hft&^/l'X 

[0 0 8 6] B5fi, $->fy hi 4 Sftfcflf© 

$u^yi-B (Lv. B) ^yy^ySS^fi^^ib 
it. 2££ 8 nu i2 2 4 |/ m^nf5rttC*>ofcif>y 50 
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[0 0 8 7] IP*>, igS/^* U— if-3fctf> 1 v-3 y h 

(2 2 4/2) 2 7CX8X10" 12 [cm 3 ] XI 
[g/cm 3 ]x{(6. 02X10 " )/119 
3} -=-8 = 2. OX 1 0 13 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By irradiating laser light and carrying out ablation of this giant molecule to the giant molecule which is an 
analytic object Atomize a macromolecule in a configuration element, and ionize the configuration element which 
atomized and the macromolecule which is the analytical method of the macromolecule using the laser ablation which 
analyzes the ionized configuration element, and is an analytic object is irradiated. By irradiating the giant molecule 
which the laser light which carries out ablation of this giant molecule is ultrashort pulse laser light, and is the object 
of analysis of this ultrashort pulse laser light, and carrying out ablation of this giant molecule Analytical method of 
the macromolecule using the laser ablation which is what analyzes the configuration element which ionized while 
atomizing this macromolecule in the configuration element, and was ionized. 

[Claim 2] The macromolecule which is an analytic object in the analytical method of the macromolecule using laser 
ablation according to claim 1 is the analytical method of the macromolecule using the laser ablation solid-phase- 
ized. 

[Claim 3] It is the analytical method of the macromolecule using the laser ablation which is an approach including 
the solid-phase-ized process by dropping the solution of the macromolecule whose approach of solid-phase-izing 
of a macromolecule is the object of analysis on a substrate in the analytical method of the macromolecule using 
laser ablation according to claim 2, and drying. 

[Claim 4] It is the analytical method of the macromolecule using the laser ablation said whose substrate is a solid- 
state in the analytical method of the macromolecule using laser ablation according to claim 3 and whose heat 
conductivity of this solid-state is — 1— K-1 or more 0.1 W-m. 

[Claim 5] The macromolecule which is an analytic object in the analytical method of the macromolecule using laser 
ablation according to claim 1 is the analytical method of the macromolecule using the laser ablation which attaches 
an element indicator. 

[Claim 6] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
[ in / on the analytical method of the macromolecule using laser ablation according to claim 5, and / a periodic 
table ] 1 group element. 

[Claim 7] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
[ in / on the analytical method of the macromolecule using laser ablation according to claim 5 r and / a periodic 
table ] 1 6 group element. 

[Claim 8] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
[ in / on the analytical method of the macromolecule using laser ablation according to claim 5, and / a periodic 
table ] 1 7 group element 

[Claim 9] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
[ in / on the analytical method of the macromolecule using laser ablation according to claim 5, and / a periodic 
table ] a transition-metals element. 

[Claim 10] It is the analytical method of the giant molecule using the laser ablation said whose element indicator is a 
stable isotope indicator in the analytical method of the giant molecule using laser ablation according to claim 5. 
[Claim 11] The ultrashort pulse laser light which irradiates the giant molecule which is an analytic object and carries 
out ablation of this giant molecule in the analytical method of the giant molecule using laser ablation given in any 1 
term of claims 1-10 is the analytical method of the giant molecule using the laser ablation whose pulse period width 
of face is ten or less picoseconds and whose cusp value output is ten MW or more. 

[Claim 12] The ultrashort pulse laser light which irradiates the giant molecule which is an analytic object and carries 
out ablation of this giant molecule in the analytical method of the giant molecule using laser ablation according to 
claim 1 1 is the analytical method of the giant molecule using the laser ablation whose pulse period width of face is 
one or less picosecond more than per femtosecond and whose cusp value output is 1GW or more 10GW or less. 
[Claim 13] It is the analytical method of the macromolecule using the laser ablation whose analysis of said ionized 
configuration element is mass analysis in the analytical method of the macromolecule using laser ablation given in 
any 1 term of claims 1-12. 

[Claim 14] It is the analytical method of the giant molecule using the laser ablation whose mass analysis is the mass 
analysis according [ on the analytical method of the giant molecule using laser ablation according to claim 13, and ] 
to a TO F method. 

[Claim 15] Analytical method of the macromolecule using the laser ablation which is what analyzes two or more 
ionized configuration elements to coincidence in the analytical method of the macromolecule using laser ablation 
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given in any 1 term of claims 1-14. 

[Claim 16] The macromolecule which is an analytic object in the analytical method of the macromolecule using laser 
ablation given in any 1 term of claims 1-15 is the analytical method of the macromolecule using the laser ablation 
which is the analog of the nucleic acid to which the DNA microarray was fixed, or a nucleic acid. 
[Claim 17] It is the analytical method of the giant molecule using the laser ablation which is the DNA microarray 
which many channelized said DNA microarray in the analytical method of the giant molecule using laser ablation 
according to claim 16. 

[Claim 18] The short pulse laser light which carries out ablation of the giant molecule to any 1 term of claims 1-17 
in the analytical method of the giant molecule using the laser ablation of a publication, and the giant molecule which 
is an analytic object are the analytical method of the giant molecule using the laser ablation which analyzes by 
carrying out ablation of the giant molecule which is the object of this analysis without omission and duplication by 
the short pulse laser light which carries out ablation of this giant molecule by moving either at least. 
[Claim 19] By irradiating laser light and carrying out ablation of this giant molecule to the giant molecule which is an 
analytic object It is the analysis system of the macromolecule using the laser ablation which atomizes a 
macromolecule in a configuration element, ionizes the configuration element which atomized and analyzes the 
ionized configuration element. The vacuum tub which can arrange a target inside, The analysis system of the 
macromolecule which has the analyzer arranged in said vacuum tub, and the ultrashort pulse laser irradiated to the 
target which carried out outgoing radiation of the ultrashort pulse laser light, and has been arranged in said vacuum 
tub. 

[Claim 20] The analysis system of the macromolecule which has further a migration means to move a target into 
said vacuum tub, in the analysis system of a macromolecule according to claim 19. 

[Claim 21] A migration means to move said target in the analysis system of a macromolecule according to claim 20 
is the analysis system of the macromolecule which is a rotation means to rotate a target. 

[Claim 22] The analysis system of the macromolecule which has further a migration means to move the exposure 
location to the target of ultrashort pulse laser light, in the analysis system of a macromolecule according to claim 
19. 

[Claim 23] It is the analysis system of the macromolecule said whose analyzer is a mass spectrograph in the 
analysis system of a macromolecule given in any 1 term of claims 19-22. 

[Claim 24] It is the analysis system of the macromolecule said whose mass spectrograph is a quadrupole mass 
spectrograph in the analysis system of a macromolecule according to claim 23. 

[Claim 25] It is the analysis system of the macromolecule said whose mass spectrograph is a time-of-flight mass 
spectrograph in the analysis system of a macromolecule according to claim 23. 

[Claim 26] It is the analysis system of the macromolecule said whose mass spectrograph is the amount analyzer of 
ion cyclotron mold fourier strange obversions in the analysis system of a macromolecule according to claim 23. 
[Claim 27] Said ultrashort pulse laser is the analysis system of the macromolecule which irradiates the short pulse 
laser light whose pulse period width of face is ten or less picoseconds in the analysis system of a macromolecule 
given in any 1 term of claims 19-26, and whose cusp value output is ten MW or more. 

[Claim 28] Said ultrashort pulse laser is the analysis system of the macromolecule which pulse period width of face 
is one or less picosecond more than per femtosecond in the analysis system of a macromolecule according to claim 
27, and irradiates the short pulse laser light whose cusp value output is 1GW or more 10GW or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the analytical method of the macromolecule which used laser ablation, and its system, 
concerning the analytical method of the macromolecule using the laser ablation which made it possible to improve 
analytic effectiveness remarkably in a detail as compared with the former, and its system, further, this invention is 
used for the mass analysis of various kinds of macromolecules, such as DNA, protein, RNA and PNA, a lipid, and 
sugar, and relates to the analytical method of the macromolecule using suitable laser ablation, and its system. 
[0002] 

[Description of the Prior Art] In recent years, the application range of a mass spectrometry is spreading from the 
field of physics or chemistry quickly to the field of life sciences, such as medicine and biochemistry. Especially, 
development to the decision calculus of proteinic molecular weight, the decision calculus of an amino acid ■ 
sequence, etc. is astonishing. 

[0003] A sample is ionized by various approaches, and the principle of such a mass spectrometry separates the ion 
obtained by ionization according to mass/charge, and measures the reinforcement of each separated ion. 
[0004] By the way, an electron is added and ionized to the macromolecule itself, the molecule of the amount of 
macromolecules is subdivided in the molecular ion of tow molecular weight, and the mass analysis of the 
conventional macromolecule performs [ the mass is analyzed, or] mass analysis, and compared the component. 
[0005] the secondary ion mass analysis (SIMS) which high energy atom ion is made to collide with a macromolecule, 
and is ionized as an ion generation method in the mass analysis of the conventional macromolecule here, for 
example — law and the electronic ionization (ED) which subdivides in the molecular ion of low molecular weight, and 
performs mass analysis by electron impact — law and matrix exchange laser ionization (MALDI) — law etc. is 
known. 

[0006] However, also in which the above-mentioned approach, in order to carry out mass analysis of the 
macromolecule ion, there were a trouble that the mass spectroscope of a high resolution is required, a trouble that 
the existence of fragment ion which carried out decomposition generation halfway made analysis of a mass 
spectrum difficult, etc. 

[0007] the laser atomization resonance ionization (LARIMP) which performs atomization and ionization with 
nanosecond laser conventionally on the other hand, for example as the mass analysis approach of the 
macromolecule sample which carried out the indicator with the isotope on the occasion of the chemical analysis — 
law is known. 

[0008] However, since two sets of laser with the resonance ionization laser for ionizing the atom of the atomization 
laser for atomizing a labelled atom and the atomized labelled atom as laser were needed according to this LARIMP 
method, there was a trouble that a system configuration became complicated. 

[0009] Furthermore, in the LARIMP method, as described above, it is necessary to carry out resonance ionization of 
the tagged atom. For this reason, the laser light of the wavelength of a proper needed to be irradiated to each 
tagged atom, and there was a trouble that it was very difficult to perform efficient analysis, in the situation which 
the indicator isotope of varieties mixed. 
[0010] 

[Problem(s) to be Solved by the Invention] The place which this invention is made in view of the various troubles 
which a Prior art which was described above has, and is made into the purpose They are the analytical method of 
the macromolecule using the laser ablation which generates the atomic ion of the configuration atom which 
constitutes a macromolecule, and analyzed the generated atomic ion, and its system. It is going to offer the mass 
analysis approach of the macromolecule using the laser ablation it was made not to require the analysis apparatus 
of a high resolution, and its system. More, in performing mass analysis, while eliminating a possibility that the 
analysis of a mass spectrum may become difficult, it is going to provide a detail with the mass analysis approach of 
the macromolecule using the laser ablation it was made for a mass spectroscope not to take a high resolution to. 
and its system. 

[0011] Moreover, the place made into the purpose of this invention tends to offer the analytical method of the 
macromolecule using the laser ablation which made it possible to realize to coincidence atomization and ionization 
of the configuration atom which constitutes a macromolecule by one set of laser, and made it possible to compact a 
system configuration sharply, and its system. 
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[0012] Furthermore, the place made into the purpose of this invention tends to offer the analytical method of the 
macromolecule using the laser ablation which made it possible to perform efficient analysis, and its system also in 
the situation which the indicator isotope of varieties mixed. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, by carrying out ablation of various 
kinds of macromolecules, such as DNA, protein. RNA and PNA, a lipid, and sugar, with ultrashort pulse laser light, 
the analytical method of the macromolecule using the laser ablation by this invention and its system carry out atom 
ionization of these macromolecules, and analyze the atomic ion which generated and generated atomic ion. Thereby, 
the chemical analysis of various kinds of macromolecules can be performed. 

[0014] That is, quantitative analysis becomes possible by ionizing the atom which atomized to univalent ion and 
analyzing the atomic ion generated by this ionization at the same time it atomizes for each [ which disassembles a 
giant molecule scatteringly and constitutes the giant molecule concerned by carrying out ablation of the giant 
molecule with ultrashort pulse laser light ] atom of every according to the analytical method of the giant molecule 
using the laser ablation of this invention, and its system. 

[0015] When performing mass analysis in the analytical method of the macromolecule using the laser ablation of this 
invention, and its system, mass analysis of the atomic ion of a low quality amount will be carried out, and it becomes 
unnecessary a possibility that the analysis of a mass spectrum may become difficult not only to disappear, but 
therefore, to equip a mass spectroscope with a high resolution. 

[0016] moreover, as described above, according to the analytical method of the giant molecule using the laser 
ablation of this invention, and its system, it becomes possible by carrying out ablation of the giant molecule with 
ultrashort pulse laser light to perform efficiently atomization of a giant molecule, simultaneously ionization to the 
atomized ion of atomic monovalence. Therefore, since it becomes possible to use the labelled atom of varieties for 
coincidence on the occasion of a chemical analysis, for example while being able to compact a system configuration 
now, analysis effectiveness can be raised remarkably. 

[0017] That is, in the analytical method of the macromolecule using the laser ablation of this invention, and its 
system, since one set of ultrashort pulse laser can perform atomization and ionization of a labelled atom to 
coincidence, it becomes possible to simplify a system configuration sharply. 

[0018] Furthermore, since it is ionization (off-resonance ionization) performed by the off-resonance process with 
the high cusp value reinforcement of ultrashort pulse laser light, the above-mentioned ionization can ionize each 
tagged atom also in the situation which the indicator isotope of varieties mixed, respectively, and the application to 
a multi-indicator system can be easy for it, and it can analyze a highly precise and efficient macromolecule. 
[0019] For this reason, the analytical method of the macromolecule using the laser ablation of this invention and its 
system are used for the quantitative analysis of the amount of gene expression which will increase importance 
increasingly from now on etc.. and are very suitable. 

[0020] Among this inventions, namely, invention according to claim 1 By irradiating laser light and carrying out 
ablation of this giant molecule to the giant molecule which is an analytic object Atomize a macromolecule in a 
configuration element, and ionize the configuration element which atomized and the macromolecule which is the 
analytical method of the macromolecule using the laser ablation which analyzes the ionized configuration element, 
and is an analytic object is irradiated. By irradiating the giant molecule which the laser light which carries out 
ablation of this giant molecule is ultrashort pulse laser light, and is the object of analysis of this ultrashort pulse 
laser light, and carrying out ablation of this giant molecule The configuration element which ionized while atomizing 
this macromolecule in the configuration element, and was ionized is analyzed. 

[0021] Here, as the above-mentioned analysis, although mass analysis can be mentioned, specifically, chemical 
analysis (the so-called usual chemical analysis) and optical analysis (fluorescence method etc.) are mentioned as 
analysis of those other than mass analysis, for example. 

[0022] Moreover, the macromolecule whose invention according to claim 2 is [ in / among this inventions / 
invention according to claim 1 ] an analytic objectis [ solid-phase-] made to beized among this inventions. 
[0023] Moreover, when the approach of solid-phase-izing of a macromolecule trickles the solution of the 
macromolecule which is an analytic object and dries on a substrate, it is made for invention according to claim 3 to 
be an approach including the solid-phase-ized process in invention according to claim 2 among this inventions 
among this inventions. 

[0024] Moreover, in invention according to claim 3, the above-mentioned substrate of invention according to claim 4 
is a solid-state among this inventions among this inventions, and it is made for the thermal conductivity of this 
solid-state to be -1-K-1 or more 0.1 W-m. 

[0025] Moreover, the macromolecule whose invention according to claim 5 is [ in / among this inventions / 

invention according to claim 1 ] an analytic object should attach the element indicator among this inventions. 

[0026] Moreover, invention according to claim 6 uses the above-mentioned element indicator as 1 group element in 

the periodic table in invention according to claim 5 among this inventions among this inventions. 

[0027] Moreover, invention according to claim 7 uses the above-mentioned element indicator as 1 6 group element 

in the periodic table in invention according to claim 5 among this inventions among this inventions. 

[0028] Moreover, invention according to claim 8 uses the above-mentioned element indicator as 1 7 group element 

in the periodic table in invention according to claim 5 among this inventions among this inventions. 

[0029] Moreover, invention according to claim 9 uses the above-mentioned element indicator as a transition-metals 

element in the periodic table in invention according to claim 5 among this inventions among this inventions. 
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[0030] Moreover, it is made for the above-mentioned element indicator of invention according to claim 10 to be a 
stable isotope indicator in invention according to claim 5 among this inventions among this inventions. 
[0031] Moreover, pulse period width of face is ten or less picoseconds, and it is made for the cusp value output of 
the ultrashort pulse laser light which invention according to claim 1 1 irradiates the giant molecule which is an 
analytic object in invention given in any 1 term of claims 1-10 among this inventions among this inventions, and 
carries out ablation of this giant molecule to be ten MW or more. 

[0032] Moreover, pulse period width of face is one or less picosecond more than per femtosecond, and it is made 
for the cusp value output of the ultrashort pulse laser light which invention according to claim 12 irradiates the 
giant molecule which is an analytic object in invention according to claim 11 among this inventions among this 
inventions, and carries out ablation of this giant molecule to be 1GW or more 10GW or less. 
[0033] Moreover, it is made for analysis of the configuration element which carried out [ in / among this 
inventions / invention given in any 1 term of claims 1-12 / above-mentioned ] ionization of the invention according 
to claim 13 to be mass analysis among this inventions. 

[0034] Moreover, it is made for invention according to claim 14 to be the mass analysis according [ mass analysis ] 

to a TOF method in invention according to claim 13 among this inventions among this inventions. 

[0035] Moreover, invention according to claim 15 analyzes two or more ionized configuration elements to 

coincidence in invention given in any 1 term of claims 1-14 among this inventions among this inventions. 

[0036] Moreover, it is made for the macromolecule whose invention according to claim 16 is [ in / among this 

inventions / invention given in any 1 term of claims 1-15 ] an analytic object to be the analog of the nucleic acid to 

which the DNA microarray was fixed, or a nucleic acid among this inventions. 

[0037] In addition, specifically as an analog of a nucleic acid or a nucleic acid, DNA, RNA, and PNA are mentioned. 
[0038] Moreover, it is made for invention according to claim 1 7 to be the DNA microarray which many channelized 
the above-mentioned DNA microarray in invention according to claim 16 among this inventions among this 
inventions. 

[0039] Moreover, among this inventions, invention according to claim 18 is made to analyze by carrying out ablation 
of the giant molecule which is the object of this analysis without omission and duplication by the short pulse laser 
light which carries out ablation of this giant molecule, when the short pulse laser light which carries out ablation of 
the giant molecule to any 1 term of claims 1-17 in invention of a publication among this inventions, and the giant 
molecule which is an analytic object move either at least. 

[0040] Among this inventions, moreover, invention according to claim 19 By irradiating laser light and carrying out 
ablation of this giant molecule to the giant molecule which is an analytic object It is the analysis system of the 
macromolecule using the laser ablation which atomizes a macromolecule in a configuration element, ionizes the 
configuration element which atomized and analyzes the ionized configuration element. The vacuum tub which can 
arrange a target inside, It is made to have the analyzer arranged in the above-mentioned vacuum tub, and the 
ultrashort pulse laser irradiated to the target which carried out outgoing radiation of the ultrashort pulse laser light, 
and has been arranged in the above-mentioned vacuum tub. 

[0041] Moreover, it is made for invention according to claim 20 to have further a migration means to move a target 
into the above-mentioned vacuum tub, in invention according to claim 19 among this inventions among this 
inventions. 

[0042] Moreover, it is made for a migration means by which invention according to claim 21 moves [ in / among this 
inventions / invention according to claim 20 ] the above-mentioned target to be a rotation means to rotate a target, 
among this inventions. 

[0043] Moreover, it is made for invention according to claim 22 to have further a migration means to move the 
exposure location to the target of ultrashort pulse laser light, in invention according to claim 19 among this 
inventions among this inventions. 

[0044] Moreover, it is made for the above-mentioned analyzer of invention according to claim 23 to be a mass 
spectrograph in invention given in any 1 term of claims 19-22 among this inventions among this inventions. 
[0045] Moreover, it is made for the above-mentioned mass spectrograph of invention according to claim 24 to be a 
quadrupole mass spectrograph in invention according to claim 23 among this inventions among this inventions. 
[0046] Moreover, it is made for the above-mentioned mass spectrograph of invention according to claim 25 to be a 
time-of-flight mass spectrograph in invention according to claim 23 among this inventions among this inventions. 
[0047] Moreover, it is made for the above-mentioned mass spectrograph of invention according to claim 26 to be 
the amount analyzer of ion cyclotron mold fourier strange obversions in invention according to claim 23 among this 
inventions among this inventions. 

[0048] Moreover, pulse period width of face is ten or less picoseconds, and it is made, as for invention according to 
claim 27, for a cusp value output to irradiate the short pulse laser light which is ten MW or more in invention given 
in any 1 term of claims 19-26 among this inventions among this inventions as for the above-mentioned ultrashort 
pulse laser. 

[0049] Moreover, pulse period width of face is one or less picosecond more than per femtosecond, and it is made, 
as for invention according to claim 28, for a cusp value output to irradiate the 1GW or more short pulse laser light 
which is 10GW or less in invention according to claim 26 among this inventions among this inventions as for the 
above-mentioned ultrashort pulse laser. 

[0050] Here, in case ablation of the giant molecule is carried out by ultrashort pulse laser light in this invention, if 
the one-shot (one pulse) exposure of the ultrashort pulse laser light is carried out, it is enough for a giant molecule. 
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However, what is necessary is to carry out two or more shot (two or more pulses) exposure of the ultrashort pulse 
laser light, and just to choose suitably the shots per hour (pulse number) of the ultrashort pulse laser light to a 
macromolecule to irradiate as a macromolecule. 

[0051] Moreover, as for ultrashort pulse laser, it is desirable that pulse period width of face is ten or less 
picoseconds, and it is appropriate for especially 1 -femtosecond or more usual [ of one or less picosecond ] to use 
the laser called femtosecond laser. As the cusp value output ten MW or more is desirable and 1GW or more 10GW 
or less is desirable especially. 

[0052] It is because mufticharged ion will be generated if larger than this range, analysis of a mass spectrum cannot 
become difficult, effectiveness of atomization and ionization cannot fall if it is less than [ this ], and an atomic ion 
signal cannot be observed. 

[0053] In addition, according to the experiment by the artificer who mentions later, when pulse period width of face 
was 110 femtoseconds and the cusp value output of 2GW. the very good result was able to be obtained, for 
example. 

[0054] Moreover, he is trying to irradiate the macromolecule sample which carried out the indicator of the ultrashort 
pulse laser light, such as femtosecond laser light which can ionize efficiently to atomization and coincidence, with 
the isotope according to this invention. For this reason, the need of ionizing a labelled atom alternatively is lost and 
it becomes possible to use various labelled atoms variously. Since it is possible to raise the repeat rate of laser 
radiation to several kHz moreover, it is suitable for high-speed analysis. 

[0055] Moreover, in this invention, the short pulse laser light which carries out ablation of the giant molecule, and 
the giant molecule which is an analytic object are made to analyze by moving either at least by carrying out ablation 
of the giant molecule which is the object of this analysis without omission and duplication by the short pulse laser 
light which carries out ablation of this giant molecule. That is, in this invention, it makes it possible to carry out 
ablation of the sample of a large number applied by migration with the substrate which applied the macromolecule 
which is the object of the analysis as the spot and sample of short pulse laser light covering a large area, for 
example, without omitting and overlapping. Especially this is effective in the application to a DNA microarray. 
[0056] this invention — these descriptions to an analysis rate — the former — comparing — markedly — alike — 
early — about — it makes it possible to perform coincidence analysis of very little gene expression of the amount 
of manifestations. 

[0057] And for example, there is gene expression analysis using the DNA microarray as a concrete application of 
this invention, and it becomes possible to accelerate the analysis. That is, according to this invention, it becomes 
possible to use the isotope of varieties as an indicator, and as an indicator, if a stable isotope is used, the class of 
indicator can be increased also in the number of the stable isotopes of varieties (270 kinds). This can increase 
amount of information by leaps and bounds as compared with the fluorescence method (2-6 kinds) and radioisotope 
(about ten kinds) which are the conventional indicator method. 

[0058] In the periodic table, 35CI(s) which are 17 groups' stable isotopes. 37CI. etc. are used more for it as an 
indicator used in a DNA microarray experiment in the periodic tables, such as 32S, 35S, etc. which are 16 groups' 
stable isotope, in the periodic tables, such as 39K, 41 K, etc. which are one group's stable isotope, carrying out the 
indicator of the probe to a detail by the nucleotide which contains stable isotopes which are the stable isotopes of 
transition metals, such as 118Sn and 120Sn, in the periodic table. 

[0059] After carrying out hybridization of the probe to the target nucleic acid on a DNA microarray, ablation is 
carried out by ultrashort pulse laser, atom ionization of a molecule is performed, and if a mass spectrograph 
detects, the quantum of the amount of the isotope contained in the probe which carried out hybridization can be 
carried out after that. Therefore, it can calculate and ask for the quantitative ratio of a probe. 
[0060] Here, in the conventional DNA microarray technique, the indicator of the probe was carried out by the 
fluorochrome. Exclusive detection equipment was used for the detection after hybridization, and such a 
conventional approach had taken 10-minute room [ about ] time amount. However, if this invention is used, 
improvement in the speed can be attained. 

[0061] Moreover, the number of the fluorochromes by which current use is carried out is only two (Cy-3, Cy-5), and 
the present condition is being unable to expect a rapid increment. If a stable isotope is used as opposed to it. the 
class of indicator can be increased also to 270 sorts. 

[0062] Moreover, the gene expression data of a DNA microarray are obtained as a relative value to the sample for 
reference. That is, it is difficult to be between experiments and to compare the data of many samples in the 
conventional DNA microarray experiment which can use only two sorts of fluorescence labels. 
[0063] However, mix three or more kinds of two or more probes which carried out the label by the separate 
element, and coincidence is made to carry out hybridization to a target and rf the many channelized DNA 
microarray which is measured by the analytical method of the giant molecule using the laser ablation by this 
invention is used, the data between two or more samples can be compared. 

[0064] Thus, high sensitivity and a high-speed mass spectrometry with the stable isotope indicator of varieties can 
be established by this invention, and it can apply to all the areas of research to which this invention is performing 
the indicator with a fluorochrome or radioisotope. 

[0065] Moreover, since a stable isotope can be used, in order not to receive a limit in the facility used in that case 
according to this invention, without using radioisotope for a labelled atom, establishment of medical facilities and 
private enterprises also becomes possible, and the repercussion effect has an unfathomable thing. 
[0066] 
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[Embodiment of the Invention] Hereafter, while referring to an attached drawing, an example of the analytical 
method of the macromolecule using the laser ablation by this invention and the gestalt of operation of the system 
shall be explained to a detail. 

[0067] The conceptual configuration explanatory view of an example of the mass analysis structure of a system is 
shown in drawing 1 as an example of the analysis system of the macromoiecule for enforcing analytical method of 
the macromolecule using the laser ablation by this invention. 

[0068] The vacuum tub 12 which can set this mass analysis system 10 as the degree of vacuum of 10-8 - 10- 
6Torr, The target 14 arranged in this vacuum tub 12. and the quadrupole mass spectrograph 16 arranged in the 
vacuum tub 12. The rotation installation terminal 18 turning around a target 14. and the ultrashort pulse laser 20 to 
which outgoing radiation of the ultrashort pulse laser light is carried out and which is irradiated to a target 14. It has 
the focal lens 22 which condenses the ultrashort pulse laser light irradiated from the ultrashort pulse laser 20 to up 
to a target 14. 

[0069] Here, the ultrashort pulse laser 20 was constituted by titanium sapphire laser, and is equipped with the 

parameter as shown below, namely. — peak width (pulse period width of face): -110fs (femtosecond) 

Output : 50-480microJ (micro joule) 

(Cusp value output: 0.5-4GW (gigawatt)) 

wavelength : - 800nm (nano meter) 

Repeat : 1kHz (kilohertz) 

It comes out. 

[0070] In addition, the quadrupole mass spectrograph 16 is perpendicularly installed 90 degrees to the direction of 
radiation of the ultrashort pulse laser light to which outgoing radiation is carried out from the ultrashort pulse laser 
20 and which is irradiated by the target 14. 

[0071] Moreover, the focal distance of the focal lens 22 which condenses the ultrashort pulse laser light by which 
outgoing radiation was carried out from the ultrashort pulse laser 20 is set as 25cm. 

[0072] In the above configuration, the experimental result which actually performed mass analysis using the above- 
mentioned mass analysis system 10 is explained. 

[0073] First, two kinds of samples (a sample 1 and sample 2) of the specification shown in drawing 2 were used as a 
sample of an experiment. And the target 14 was created with the spin coat method using two kinds of this sample. 
[0074] That is, first, one side prepares the silicon substrate of the shape of an abbreviation square which is about 
2cm. and trickles the deep solution of a sample 1 or a sample 2 by the syringe on it. After that, this silicon 
substrate is rotated for 90 seconds by 1000 revolutions per second. The solution of the sample 1 dropped on the 
silicon substrate by doing so or a sample 2 evaporates a solvent with breadth, is solid-phase-ized. and it is 
hardened, maintaining a front face at Taira and others. And the silicon substrate which the sample 1 or the sample 2 
hardened on the front face is further put into the thermostat of about 120 degrees, and is left for 30 minutes to 1 
hour. 

[0075] By this approach, the target 14 which formed the wrap sample 1 or the sample 2 for the area more than 
Icmphi can be made from about [ per spot of one shot of homogeneity and the ultrashort pulse laser light by which 
outgoing radiation was carried out from the ultrashort pulse laser 20 ] 1013 concentration. 

[0076] Here, the quality of the material of a substrate does not need to be a semi-conductor, and may be a metal 
and an insulator. In the laser ablation using ultrashort pulse laser light, a substrate with high thermal conductivity 
gives higher ion detection efficiency. In addition, as for the thermal conductivity of the solid-state used as this 
substrate, using a solid-state as a substrate, it is desirable that they are -1-K-1 or more 0.1 W-m. 
[0077] It equips with the target 14 created as mentioned above in the vacuum tub 12, and the inside of the vacuum 
tub 12 is lengthened to a vacuum, and it sets up so that the degree of vacuum in the vacuum tub 12 may be set to 
10 to 6 or less Torrs. 

[0078] Next, the ultrashort pulse laser light by which outgoing radiation was carried out from the ultrashort pulse 
laser 20 is condensed on a target 14 using the focal lens 22, and ablation of the sample 1 or sample 2 formed on the 
target 1 4 is carried out. 

[0079] In addition, the pulse width of the ultrashort pulse laser light by which outgoing radiation is carried out from 
the ultrashort pulse laser 20 is 110 femtoseconds, and the output was changed to 53microJ. 230microJ. and 
480microJ. 

[0080] And the mass of the ion of monovalence generated by the exposure of the ultrashort pulse laser light to a 
target 14 is measured with the quadrupole mass spectrograph 16. 

[0081] The mass spectrum of the sample 1 measured by the quadrupole mass spectrograph 16 is shown in drawing 
3 (a), (b), and (c) by the above-mentioned technique. 

[0082] 12C, 160. and 19F which became the ion of monovalence by raising the output of short pulse laser light to 
230microJ (referring to drawing 3 (a)) from 53microJ (referring to drawing 3 (b)) were mostly detectable in the 
amount corresponding to percentage. 

[0083] Thereby, the giant molecule of a sample 1 was atomized by the ablation by ultrashort pulse laser, such as 
femtosecond laser, and what was ionized by the atomization and coincidence was checked. 
[0084] Here, if the output of short pulse laser light is further raised to 480microJ, the peak which the rate of C 
increases and is considered to be the silicon ion of bivalence will have appeared notably (refer to drawing 3 (c)X In 
addition, about measurement of drawing 3 (c), rather than the case of measurement of drawing 3 (a) and drawing 3 
(b), the double figures sensibility of the quadrupole mass spectrograph 16 was lowered, and was measured. 
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[0085] Next the microphotography in which the condition of a target 14 that the sample 1 was stripped off by the 
exposure of ultrashort pulse laser light is shown is shown in drawing 4 . In drawing 4 . the white circle of the duplex 
circle slack inside formed in concentric circular and the black circle of the outside around it are checked by looking. 
This one spot corresponds to the exposure of 8ms of released times of a shutter. That is, it was stripped off by the 
pulse for about eight shots of ultrashort pulse laser light, and can say. 

[0086] Drawing 5 shows the result of having measured the depth and area of the blemish formed in the target 14. 
Here, the depth level B (Lv.B) is considered to be the front face of a silicon substrate, and the silicon in a cone with 
a depth of 8 micrometers, a depth [ the sample 1 which was in the cylinder with a width of face of 224 micrometers 
and a depth of 6 micrometers ]. and a width of face of 48 micrometers is accepted to be what was stripped off by 
the pulse for eight shots. The following results will be brought if the amount of a sample and the amount of silicon 
which were stripped off by one shot of ultrashort pulse laser light will be estimated from now on. 
[0087] that is Amount of the sample stripped off by one shot of ultrashort pulse laser light : amount(48/2) 
2pix6x10-12x (224/2) 2pix8x10-1 2[cm3] x1 — the silicon stripped off by one shot of [g/cm3] x 
{(6.02x1023) /1 193] /8=2.0x1013 uftrashort-pulse laser light (1/3) As described above [cm3] x2.33[g/cm3] x 
{(6.02x1023) /28) /8=2.3x1013 From the experimental result about a sample 1 to ultrashort pulse laser light 
(specifically, pulse period width of face is the femtosecond laser light which is 1 10 femtoseconds.) It was proved by 
ablation that it is possible to atomize and ionize a macromolecule. 

[0088] Next, in order to conduct an experiment with the DNA sample which the label attached, it experimented like 
the case of a sample 1 using commercial dATP as a sample 2. 

[0089] The mass spectrum obtained by this experiment is shown in drawing 6 , and 12C, 14N and 160 of a 
configuration element, 23Na, and the peak of 31 P were able to be observed. 

[0090] Also from this result it has checked that a macromolecule (about 500 molecular weight) could also be made 
to atomize and ionize by the ablation of ultrashort pulse laser light (specifically, pulse period width of face is the 
femtosecond laser light which is 110 femtoseconds.). Furthermore, it can say that it is also possible to use the 
isotope of P as a label. 

[0091] It was proved that C, N. O, Na, F. P, etc. which are the component of organic intramolecular by applying a 
macromolecule on a silicon substrate by high density were atomized and ionized, and could be detected by the 
ablation of ultrashort pulse laser light from the above thing. By P in dATP having been detectable, the isotope of P 
can be used as a label. 

[0092] Next while using the sample (it is an S permutation DNA sample as a DNA sample with 16 group element) 
shown below as a sample 3, the experimental result at the time of setting a cusp value output as 2GW for the pulse 
period width of face of the ultrashort pulse laser 20 110 femtosecond is explained. 
[0093] Sample 3:2'-Deoxyadenosine S'-O - (1 -Thiotriphosphate) 

Chemical formula :C10H1 3N501 1P3SNa3.3H20 also in the case of this sample 3 The sample slack macromolecule 
first set as the object of mass analysis as a target 14 like the case of the experiment about a sample 1 and a 
sample 2 before the mass analysis system 10 performs mass analysis of a macromolecule (it is the above- 
mentioned S permutation DNA sample.) The solution melted into a solvent is applied to a silicon substrate, the 
silicon substrate is left for about 30 minutes in the thermostat of 50-degree Centigrade, and what evaporated the 
solvent applied to the silicon substrate is prepared. 

[0094] It equips with the target 14 which the sample 3 hardened on the front face as mentioned above in the 
vacuum tub 12, and the inside of the vacuum tub 12 is lengthened to a vacuum, and it sets up so that the degree of 
vacuum in the vacuum tub 12 may be set to 10 to 6 or less Torrs. 

[0095] Next, an ultrashort pulse laser light equipped with the above-mentioned parameter by which outgoing 
radiation was carried out from the ultrashort pulse laser 20 is condensed on a target 14 using the focal lens 22, and 
ablation of the target 14 is carried out. 

[0096] By rotating a target 14 with the rotation installation terminal 18, ablation of the target 14 is carried out to 
the shape of a spot without omission and duplication. Moreover, ablation of the target 14 top can be carried out to 
the shape of a spot without omission and duplication by opening and closing a shutter, moving the focal lens 22 in 
this case. 

[0097] And the mass of the ion of monovalence generated by the exposure of the ultrashort pulse laser light to a 
target 14 is measured with the quadrupole mass spectrograph 16. 

[0098] An example of the mass spectrum of the sample measured by the quadrupole mass spectrograph 16 is 
shown in drawing 7 by the above-mentioned technique. 

[0099] Next, while using the sample (it is a CI permutation DNA sample as a DNA sample with 17 group element) 
shown below as a sample 4, the experimental result at the time of setting a cusp value output as 2GW for the pulse 
period width of face of the ultrashort pulse laser 20 110 femtosecond is explained. 

[0100] sample 4:5-Chloro-2 , -Deoxyuridine chemical formula: — C9H11CIN 205 — also in the case of this sample 4 
The sample slack macromolecule first set as the object of mass analysis as a target 14 like the case of the 
experiment about a sample 1 and a sample 2 before the mass analysis system 10 performs mass analysis of a 
macromolecule (it is the above-mentioned CI permutation DNA sample.) The solution melted into a solvent is 
applied to a silicon substrate, the silicon substrate is left for about 30 minutes in the thermostat of 50-degree 
Centigrade, and what evaporated the solvent applied to the silicon substrate is prepared. 

[0101] It equips with the target 14 which the sample 4 hardened on the front face as mentioned above in the 
vacuum tub 12, and the inside of the vacuum tub 12 is lengthened to a vacuum, and it sets up so that the degree of 
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vacuum in the vacuum tub 12 may be set to 10 to 6 or less Torrs. 

[0102] Next, an ultrashort pulse laser light equipped with the above-mentioned parameter by which outgoing 
radiation was carried out from the ultrashort pulse laser 20 is condensed on a target 14 using the focal lens 22, and 
ablation of the target 14 is carried out 

[0103] By opening and closing a shutter, ablation of the target 14 is carried out to the shape of a spot without 
omission and duplication, moving the focal lens 22. 

[0104] And the mass of the ion of monovalence generated by the exposure of the ultrashort pulse laser light to a 
target 14 is measured with the quadrupole mass spectrograph 16. 

[0105] An example of the mass spectrum of the sample measured by the quadrupole mass spectrograph 16 is 
shown in drawing 8 by the above-mentioned technique. 

[0106] In addition, the analytical method of the macromolecule using the laser ablation by this invention can be used 
for the mass analysis of various kinds of macromolecules, such as DNA. protein, RNA and PNA. a lipid, and sugar. 
[0107] Moreover, of course about the macromolecule of these various kinds, what attached the element indicator is 
analyzable. 

[0108] That is, by carrying out ablation of the giant molecules, such as protein which carried out the indicator with 
an unit or two or more isotopes with ultrashort pulse laser, albumin, and DNA, atom ionization of the giant-molecule 
configuration element can be carried out completely, and quantum measurement of a giant molecule can be 
performed by carrying out mass analysis of the ionized labelled atom. Thereby, the isotope of varieties can be used 
now as an indicator. Therefore, the object range of the macromolecule which can carry out mass analysis can be 
extended now by leaps and bounds. 

[0109] That is, giant-molecule sample itself which carried out the indicator with the isotope is ionized on atomic 
level by this invention, and since it becomes possible to detect a labelled atom, the object range in which mass 
analysis is possible can be extended by leaps and bounds. For example, it becomes possible to use an isotope as an 
indicator of DNA, and the class of indicator can be increased also to 270 which is the number of stable isotopes. 
This can increase amount of information by leaps and bounds as compared with the fluorescence method (two 
kinds) and radioisotope (about ten kinds) which are the conventional indicator method. 

[0110] In addition, in the above-mentioned gestalt of operation, although the quadrupole mass spectrograph was 
used as a mass spectrograph, of course, it is not what is restricted to this, and when the time-of-flight mass 
spectrograph which performs mass analysis by measuring atomic time of flight is used, mass analysis of two or more 
atoms by one laser radiation can be performed to coincidence. Moreover, also when the amount analyzer of ion 
cyclotron mold fourier strange obversions is used as a mass spectrograph, it becomes possible to perform mass 
analysis of two or more atoms to coincidence. 

[0111] Moreover, although mass analysis was explained as analytical method of a macromolecule, of course, it is not 
what is restricted to this, and you may make it use this invention about the analysis of those other than mass 
analysis in the above-mentioned gestalt of operation. 

[0112] Moreover, although the rotation installation terminal 18 which moves a target 14 and which rotates a target 
14 as a migration means was used, of course, it is not what is restricted to this, and you may make it use proper 
migration means by which a target 14 can be laid, such as a movable table, in the above-mentioned gestalt of 
operation. 

[01 13] Moreover, although it was made to carry out ablation of the target 14 by rotating a target 14 using the 
rotation installation terminal 18 without omission and duplication, in the above-mentioned gestalt of operation, it 
may be made not to be what is restricted to this of course, and to carry out [ target / 14 ] ablation in a migration 
means to move the exposure location to the target of ultrashort pulse laser light, as it prepares without omission 
and duplication. 
[0114] 

[Effect of the Invention] Since it is constituted as explained above, this invention generates the atomic ion of the 
configuration atom which constitutes a macromolecule, are the analytical method of the macromolecule using the 
laser ablation which analyzed the generated atomic ion, and rts system, and does so the outstanding effectiveness 
that the mass-analysis approach of the macromolecule using the laser ablation it was made not require the analysis 
apparatus of a high resolution, and its system can be offered. Here, more, in a detail, when performing mass 
analysis, while being able to eliminate a possibility that the analysis of a mass spectrum may become difficult, the 
outstanding effectiveness of not needing the mass spectroscope of a high resolution is done so. 
[01 15] Moreover, since this invention is constituted as explained above, it does so the outstanding effectiveness 
that a system configuration can be compacted sharply. 

[0116] Furthermore, since this invention is constituted as explained above, it does so the outstanding effectiveness 
that efficient analysis can be performed now, also in the situation which the indicator isotope of varieties mixed. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual configuration explanatory view of an example of the example slack mass analysts 
structure of a system of the analysis system of the macromolecule for enforcing analytical method of the 
macromolecule using the laser ablation by this invention. 

[Drawing 2] It is the graph showing the specification of two kinds of samples (a sample 1 and sample 2) used for the 
experiment 

[Drawing 3] (a), (b). and (c) are the mass spectra of the sample 1 measured by the quadrupole mass spectrograph. 
The case where (a) sets the output of short pulse laser light to 230microJ is shown, the case where (b) sets the 
output of short pulse laser light to 53micro J is shown, and (c) shows the case where the output of short pulse laser 
light is set to 480microJ. In addition, about measurement of (c), rather than the case of measurement of (a) and (b), 
the double figures sensibility of a quadrupole mass spectrograph was lowered, and was measured. 
[Drawing 4] It is the microphotography in which the condition of a target that the sample 1 was stripped off by the 
exposure of ultrashort pulse laser light is shown. 

[Drawing 5] It is the explanatory view showing the result of having measured the depth and area of the blemish 
formed in the target. 

[Drawing 6] It is the mass spectrum of the sample 2 measured by the quadrupole mass spectrograph. 
[Drawing 7] It is the mass spectrum of the sample 3 measured by the quadrupole mass spectrograph. 
[Drawing 8] It is the mass spectrum of the sampfe 4 measured by the quadrupole mass spectrograph. 
[Description of Notations] 
10 Mass Analysis System 
12 Vacuum Tub 
14 Target 

16 Quadrupole Mass Spectrograph 
18 Rotation Installation Terminal 
20 Ultrashort Pulse Laser 
22 Focal Lens 
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